Some domestic waste incinerators [1] have operated successfully with refractory tile systems for tube protection without using mortar to bond the tiles to the tube walls. Most tile protection systems installed around the world employ a paste of mortar behind the tiles to develop a rigid fixing system, with the presumption that the mortar provides another layer of tube protection behind the tiles. This paper examines the issues behind these approaches to tube wall protection and propose some guidelines for the use of refractories in these systems.
Introduction
Refractory materials are used on boiler tube walls to protect the tube steel from corrosion, particulate erosion, thermal damage and solid waste abrasion. In waste-to-energy facilities, refractory usage on tube walls is quite varied, ranging from cast aluminum oxide-based cements having low heat transfer capability, to engineered silicon carbide-based cements and special shapes providing higher heat transfer characteristics with longer-term performance and maintenance benefits.
Refractory tube wall protection concepts have evolved over the years with new design concepts and improvements in installation practices around the world. Most state-of-the-art refractory systems now employ silicon carbide gunned, cast or ramm ed cements or "tile systems", with metal anchors for attachment of tiles to the tube walls.
Conventional engineering in the development of refractory tile systems has dictated that a ceramic mortar, generally consisting of fine silicon carbide grains suspended in a calcium aluminate cement or phosphate chemical matrix, is essential for adhering 129 tiles to boiler tube walls while enhancing heat flow between the tiles and tube walls. Silicon carbide refractory tiles are pressed or cast during manufacturing and fired at high temperatures sufficient to achieve a bonded shape with good mechanical and thermal properties.
Mortars are generally mixed with water and are only cured, or fired, to the temperatures they are subjected to in operation on boiler tube walls. Therefore, the heat transfer capability of mortar is lower than that for dense, bonded tile shapes, which indicates that the mortar layer between refractory tiles and tube walls should be as thin as possible to maximize heat transfer [2] , yet provide a full contact surface.
Considering the interest of waste-to-energy facility operators to minimize maintenance outage time and reduce maintenance costs, a study was conducted to evaluate a refractory tube wall protection system using tiles without mortar that could be installed quickly and repaired easily. Corrosion protection, heat transfer characteristics and performance over time compared to conventional tile systems using mortar were evaluated. Following an analysis of the initial results from the tile system test in Jamestown, a second test facility in Wuppertal, Germany was selected for further testing of an improved tile system concept.
A study of bolted tiles was previously conducted at the Jamestown facility and results were reported [3] showing the influence of expansion and resultant networking of tiles attached to the boiler tube walls.
The study started with the intent of designing a tile system that would accommodate thermal expansion stresses while reducing installation costs, keeping in mind the need to adequately protect the boiler tubes from high temperatures and corrosive gases.
In each study, tiles at several locations in the tile arrays were prepared for insertion of thermocouples and/or motion sensors. A data logging system was set up to remotely transmit temperature and tile motion data to a computer file that could be analyzed to monitor the systems. Experimental Tile System Results,
In the initial Jamestown trials using bolted tiles, the networking effect of rigidly attached tiles having mortar behind the tiles resulted in large field stresses in the tile arrays. Figure 4 shows how large areas of tiles bowed away from the wall, stretching the metal studs by 10 mm or more.
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The next iteration of tile shape and system design employed a pin attachment system and tiles which were centered over a tube crown and extended to the center of adjacent tube crowns, as compared to most other tile designs which covered two tubes and were centered over the membrane between the tubes. This tile system was designed to be used without mortar and to allow the tiles to fl oat, to some extent, and accommodate some of the thermal expansion stresses in the system.
At each maintenance period over two years, the tiles and attachment hardware were inspected. Some tile cracking over the tube crown in the thinnest cross section of the tiles was observed (Figure 5 ), as well as some bending of the attachment hardware, which made maintenance more difficult. This tile shape and system design were replaced with a more conventional modifi ed hidden clip attachment system. 
